Objective: The effects of wound healing acceleration on diabetic rats were determined and compared using different laser wavelengths and incident doses. Background Data: Many studies have demonstrated that lowlevel laser therapy (LLLT) can promote the wound healing on non-diabetic animals. Methods: Male SpragueDawley rats were used. Streptozotocin (70 mg/kg) was applied for diabetes induction. An oval full-thickness skin wound was created aseptically with a scalpel in 51 diabetic rats and six non-diabetic rats on the shaved back of the animals. The study was performed using 532,633,8L0, and 980 nm diode lasers. Incident doses of 5, 10, 20, and 30 J/cm2 and treatment schedule of 3 times/week were used in the experiments. The area of wound on all rats was measured and plotted on a slope chart. The slope values (mm2/day), the percentage of relative wound healing, and the percentage of wound healing acceleration were computed in the study. Results: Mean slope values were 6.0871 in non-diabetic control and 3.636 in diabetic control rats (p < 0.005). The percentages of wound healing acceleration were 15.23, 18.06, 19.54, and 20.39 with 532-nm laser, 33.53, 38.44,32.05, and 16.45 with 633-nm laser,15.72,14,94,9.62,and7,76 with 810-nm laser, and 12.80,L6.32, 13.79, and 7.74with 980-nm laser, using incident doses of 5, 10,20, and 30 Jlcmz, respectively. There were significant differences (p < 0.001) in the mean slope value of wound healing on diabetic rats between control groups and treatment groups in 532, 633, 810, and 980 nm lasers. Conclusion: The wound healing on control rats with diabetes was slower than on control rats without diabetes. LLLT at appropriate treatment parameters can enhance the wound healing on diabetic rats. The optimum wavelength was 633 nm, and the optimum incident dose was 10 J/cm2 in our study.
INTRODUCTION
IIABETES IS BELTEVED to affect 2-4Vo of the general popu-I.Jlation, and its incidence is increasing. It is predicted that it will affect 239 million people worldwide by 2010. As many as l5Vo of people with diabetes will develop foot ulceration and wounds, and 3Vo will have a lower limb amputation.t Diabetic wounds are complex microcosms of multiple pathophysiologic processes. The wounds are predominantly characterized by polymicrobial infection, peripheral neuropathy, structural deformity, altered immune function or increased susceptibility to infection, decreased wound nitric oxide (NO) production, and often hypoxia/ischemia.2.3 Diabetic wounds present a major problem for modern health care. Although the beneficial effects of low-level laser therapy (LLLI) on the normal tissue repair process or wound healing have been established,a-8 the acceleration of diabetic wound healing in animals using laser photostimulation has not yet been investigated extensively. The purpose of this study is to determine and compare the effects of wound healing acceleration on diabetic rats using diff'erent laser wavelengths and incident doses. 
LLLT Enhances Wound Healing in Diabetic Rats

METHODS
Animals
A number of male Sprague-Dawley rats were used in this study. Tlie animals weighed 299490 (368.42 + 43.70) g and were 2l-22 weeks old at the start of the experiment. The rats were originally imported from Charles River Co. (Margate, Kent, UK) in 1984 and, at the time of this study, were bred at the animal facility of King Faisal Specialist Hospital and Research Centre (KFSH&RC). Animal protocols were reviewed and approved by the Animal Care and Use Committee (ACUC). During the study, the rats were housed one per cage, maintained under controlled environmental conditions (12-h light/dark cycle, temperature -23"C), and provided with standard laboratory food and water ad libitum.
Chemical induction of diabetes
Diabetes was induced in the rats by an intraperitoneal injection of the pancreatic beta-cell toxin Streptozotocin (freshly dissolved in 0.9Vo sterile saline; Sigma, St. Louis, MO) at a dose of 70 mglkg body weight. Diabetes was assessed by estimating hyperglycemia and glycosuria. Animals were rejected from the study when blood and urine glucose did not reach 200 mg/dL and four pluses (>111 mmol/L or>20 g/L), respectively, after 24-h post-induction, and their body weight increased consistently during the first 3 days of induction. Hyperglycemia, glycosuria, and rat weight were determined and monitored on schedule as described previouslv.e
Wound infliction
Non-diabetic rats were anesthetized with 50 mg/kg ketamine and 20 mg/kg xylocaine, while the diabetic rats were given a30%o 73 lower dosage. The surgical site was shaved using an electric clipper, excess hair was removed by a lotion, and the site was disinfected with an isopropyl alcohol swab. Oval-fullthickness wounds of 78.51-88.38 (82.88 t 3.99) mm2 area were created asepticaily with a scalpel in 51 diabetic rats and six non-diabetic rats on the shaved back of the animal in the gluteus maximums region. All diabetic rats with wounds were divided randomly into control (n = 3) and treatment groups (n = 48) on the basis of the experimental process designated. Six non-diabetic rats as control were used for comparison with diabetic control rats.
Laser system and treatment parameters
The study was performed using a 532-nm green laser system (GSF32-150P; Intelite, Inc.), with 633-nm, 810-nm, and 980-nm diode laser (Biophoton, St. Alban, France). The output power was measured using a laser power meter (Molectron Max 5200). The laser treatment parameters are listed in Table 1 . The laser beam was aligned to cover the entire wound area, including the boundaries. The rats treated were restrained in a Plexiglas cage without anesthesia during the laser irradiation period. The control group also received the same manipulation, excluding the laser exposure.
Data analysis
The areas of wound on all rats were measured using a caliper daily for 5 days/week and plotted on a slope chart of wound healing for 3 weeks (Fig. l) . A trend-line was applied on the slope chart, and the slope value (mm2/day) of the wound healing in all rats was computed using the linear type and set intercept option. Mean slope value of wound healing was computed in Tasls Statistical analyses were performed using the Student's t-test for comparison of data from the study. Differences were considered statistically significant when the p value was <0.05.
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RESULTS
Fifty-one diabetic rats were induced successfully by streptozotocin injection and used in the study. Mean slope values of wound healing were 6.0871 mm2/day on non-diabetic control rats and 3.636 mmzlday on diabetic control rats. There was a significant difference (p < 0.005) in the mean slope values of wound healing between non-diabetic control rats and diabetic control rats (Fig. 2) . Mean slope values of wound healing on diabetic rats in control and treatment group using different laser doses and wavelengths are shown in Figure 3 . The percentage relative wound healing on diabetic control rats and diabetic treatment rats is shown in Figure 4 . The percentage of wound healing acceleration in diabetic rats after laser therapy is shown in Figure 5 between diabetic control and diabetic treatment groups uslng diff'erent wavelengths are shown in Table 2 ' DISCUSSION A total of 5l Sprague-Dawley rats with diabetes induced by Sffeptozotocin were used in the study' Additionally, six nondiabetic rats as control were used for comparison with diabetic control rats. Our results showed that wound healing on control rats with diabetes was slower than on control rats without diabetes. There was a significant difference (P < 0.005) in the mean slope values of wound healing between diabetic control rats and non-diabetic control rats (Fig. 2) . Impairment of diabetic wound healing is well recognized. However, the exact mechanism is still not completely known.r0 The course of diabetic wound healing appears to be hindered by many factors, including specific metabolic deficiencies and impaired physiological responses-fbr example, the altered metabolism of carbohydrates, fats and proteins resulting from the absence or deficiency of insulin, hyperglycemia leading to nonenzymatic glycosylation, osmotic diuresis leading to decreased p"riu.ion and oxygenation, and free radical production'rr Olerud et al.r2 observed the wound healing in normal elderly Their results showed that wound healing was impaired in patients with diabetes, with a significant reduction in the numbers of fibroblasts found in the deep components of the wounds. On our animal study, the wound healing was delayed in diabetic rats. Our results are similar to their findings. A study by Loots et al.rr demonstrated that fibroblasts from patients with type 2 diabetes showed a significantly lower proliferation rate and an altered morphology in vitro compared with non-lesion and age-matched control fibroblasts from patients without diabetes. The researchers conclude that the diabetic process and the rvound environment itself cause the fibroblasts to age. The overall functional activity ofthe fibroblast is thus reduced. The main functions of the fibroblast are the production of components of the extracellular matrix and wound contraction. On entering the wound space, the fibroblasts become involved in the formation of granulation tissue. Within the uound. the flbroblasts produce collagen, which is the most abundant protein within the extracellular matrix and contributes to the tensile strength of wounds.ra A more recent study, involvin-e non-lesion fibroblasts, showed that diabetic fibroblasts have a decreased proliferation response to growth factors, Al-Watban et al.
I-aser Wavelength in the diabetic rats after laser therapy using different laser doses -%RWH in diabetic control group.
caused by a deficiency in growth factor receptor expression, compared with non-diabetic fibroblasts from sibling control.r0 Research has shown that the defects that occur in diabetic wound healing may be caused by altered collagen metabolism and abnormal granulation tissue formation.15 Diabetes can result in the development of several complications, including diabetic foot wounds that can potentially lead to lower limb amputation. The poor wound healing in diabetes is a barrier in medicine. Our study indicated that the inadiation of lowpower lasers at appropriate treatment parameters can accelerate the wound healing on diabetic rats. Mean slope values of wound healing on diabetic rats in treatment groups using different laser doses and wavelengths were bigger than control groups (Fig. 3 ). There were significant diffbrences (p < 0.001) in the mean slope value of wound healing on diabetic rats between control and heatment groups using several wavelengths ( Table 2 ). The percentage of relative wound healing and the percentage of wound healing acceleration after laser therapy showed that the optimum wavelength and incident dose was 633 nm and l0 J/cm2 in the study (Figs. 4 and 5) . The research revealed also that the irradiation of visible laser light was better than invisible laser light in the treatment of wound healing LLLT Enhances Wound Healing in Diabetic Rats on diabetic rats. The reason for the effective acceleration of wound healing on diabetic rats using low-power lasers was that perhaps the absorption of laser light with specific wavelength by target tissue resulted in the enhancement of fibroblast proliferation and the promotion of collagen metabolism and granulation tissue formation in the diabetic wound. The healing process of diabetic wound is a complicated one and is initiated by a complex series of events that include chemoattraction, growth factor pathways, complement generation, and the energy-poor environments created by low oxygen tensions, low PH, and high lactate concentrations.r6 Macrophages attracted to such environments release lactate aerobically, as well as anaerobically, and generate potent growth factors, resulting in brisk angiogenesis and multiplication of fibroblasts at wound margins. These events can take place in a low-oxygen environment. However, the modification of collagen by fibroblasts so that it can be polymerized and secreted into the extracellular space can be accomplished only when oxygen is present at high partial pressures. Further studies are necessaty to use more efficient laser light sources, adjust the laser treatment parameters, and improve the supply of energy and oxygen in diabetic wound.
CONCLUSION
Our study indicated that wound healing on control diabetic rats was slower than on control non-diabetic rats. We concluded that inadiation of low-power lasers at appropriate treatment parameters can accelerate wound healing on diabetic rats. The optimum wavelength and incident dose was 633 nm and 10 J/cm2 in the study.
